This study estimates the effects of temperature and rainfall on the prevalence of criminal activity in Malaysia. The analysis is based on annual data for the period 1973-2009, on temperature, rainfall and crime rates -total crime, violent and property crime. By using the generalized one-step error-correction model, we examine the short-run and long-run dynamics between crime rates with varying temperatures and rainfall in Malaysia. Our results suggest that there is long-run relationship between total crime and property crimes with weather in Malaysia. The long-run coefficients indicate a positive impact of temperature (hot weather) on criminal activity. Our results imply that the law enforcement would have a better understanding of how the weather affects crime and a chance for the authorities to better prepare their departments during weather conditions that influence certain criminal activities.
hotter climates. On the other hand, rainfall and cold weather reduces crime. This is because, during cold and wet weather, people tend to stay indoors and/or at home.
More recent studies further supported the evidence that weather induces people to commit crime. McLean (2007) found that both the maximum temperature and hours of sunshine had impacted positively on the number of sexual assaults committed in a day in the Greater Manchester, United Kingdom. On the other hand, Tompson and Bowers (2015) found that temperature, wind speed and humidity being a significant predictors of robbery during the night shift and weekends in the Strathclyde region of Scotland; while rain show a negative relationship with robbery at the weekends as people are less likely to venture outdoors when it is raining when travel behaviour is optional. Sorg and Taylor (2011) investigate the impact of temperature on monthly street robbery counts in the U.S. Philadelphia communities using census tract for 2007 -2009 ; and their study suggests that community robbery counts were higher when temperatures were higher, in particular in the lower socioeconomic status communities.
For Malaysia, using remote sensing and GIS technology to relate ambient temperature and the highly potential crime rate area in Shah Alam Selangor, Salleh et al., (2012) show that there is correlation between the ambient temperature and the criminal activities. On the other hand, to investigate the effect of weather on crime in New Zealand, Horrocks and Menclova (2011) uses daily data from 43 police districts across the country from 2000 to 2008; and employing a panel econometric techniques, their study suggests that temperature (positive) and rainfall (negative) are found to have a significant effect on the number of violent crimes recorded. Furthermore, Horrocks and Menclova (2011) found that both temperature and rainfall affects the number of property crimes positively. A study on 2997 counties of the United States, Ranson (2014) indicates that temperature has a strong positive effect on criminal behaviour. According to Ranson (2014) , their study predicted that between 2010 and 2099, climate change will cause an additional 22,000 murders, 180,000 cases of rape, 1.2 million aggravated assaults, 2.3 million simple assaults, 260,000 robberies, 1.3 million burglaries, 2.2 million cases of larceny, and 580,000 cases of vehicles theft in the United States.
The purpose of the present study is to investigate the impact of temperature and rainfall on the prevalence of criminal activities in Malaysia. The analysis is based on a 37-year ) period of annual (average) temperature and (average) rainfall and crime rates -total crime, violent and property crimes. By using the generalized one-step error-correction model, we examine the short-run and longrun dynamics between crime rates with varying temperatures and rainfall in Malaysia.
The paper is organized as follows. In section 2, we review the related theories on crime-weather studies. The method, data and model used in the study are discussed in section 3. In section 4, we present and discuss the empirical results. The last section is our conclusion.
WEATHER-CRIME RELATED THEORIES
In the crime-weather literature, there are three well known theories linking the effect of weather conditions on criminal activities. The Negative Affect Escape Model (NAAM) proposed by Baron (1972) , Baron and Bell (1976) , and Bell and Baron (1976) contend that aggressive behaviour increases with increases in temperature because of the increase in the negative affect such as irritation, annoyance and discomfort. However, the increase in aggression as temperature increases only up to a certain level, thereafter, further increase in temperature results in the decrease in aggression because the motivation to escape uncomfortable situations outweighs the aggressive motives. This curvilinear, inverted-U shaped relationship between crime and weather has been supported by among others; Andersan and Anderson (1984) , Cohn and Rotton (1997) , Van de Vliert et al. (1999) , Horrocks and Menclova (2011) , and Gamble and Hess (2012) .
On the other hand, Anderson et al. (1995) put forward the General Affective Aggression Model (GAAM) that postulate higher temperatures facilitate affective aggression. The model predicts that hot temperature produced increases in hostile affect, hostile cognition and physiological arousal. According to Anderson et al. (1995) , a person's acute situational variables such as pain, discomfort, and frustration determine a person's arousal (e.g., psychological, perceived), state of affect (e.g., hostility, anger) and cognitions (e.g, hostile thoughts, hostile memories). For example, hot temperature will affect acute situational variables of a person, such as discomfort. Uncomfortable conditions should arouse negative affect (such as hostility or anger), heightens physiological arousal, and primes aggressive thoughts and most likely this will lead to aggressive behaviour such violent acts (Rotton and Cohn, 2003) .
The Routine Activity (RA) theory proposed by Cohen and Felson (1979) assert that a criminal event requires three elements: a motivated offender, a suitable target, and the absence of capable guardians. The guardian in this sense is not necessarily the police but includes families, relatives, friends, or neighbours or even bystanders. The suitability of a target is governed by its value, visibility and accessibility to the possible offender, and the perceived net benefits of committing crime. Thus, for a crime to happen a suitable target must be available, a capable guardian is absence, and a motivated offender must be present. Relating this to weather, Cohn (1990) explains that during warm weather, people are more likely to stay away from their homes to public places, resulting in greater opportunities for personal interaction and lead more people being victimized. The increase in the number of empty dwellings will therefore increase the likelihood of burglaries (Cohn and Rotton, 2000; Butke and Sheridan, 2010) .
METHODOLOGY
To examine the long-run as well as the short-run dynamics of the relationship between crime and weather, we employ the popular error-correction model. Banerjee et al. (1993 Banerjee et al. ( , 1998 has criticized the two-stage error-correction models of giving substantial small-sample bias compared to the one-step error-correction model, where the long-run relation is restricted to being homogenous. In this study, following Yasar et al. (2006) the generalized one-step error-correction model (ECM) is estimated.
We define the following autoregressive distributed lag ARDL (2,2,1,1) model:
with is the stochastic error, and is the weather component -temperature or rainfall, is the crime rates consisting of the total crime, property and violent crime rates, and is time periods (t = 1, … , T); unemployment and population act as the control variables.
Following Banerjee et al. (1993 Banerjee et al. ( , 1998 , equation (1) can be transformed into the following one-step ECM equation that provides an explicit link between the short-run effects and the long-run effects: gives the adjustment rate at which the gap between crime and weather is closed. If is negative and significant, then we conclude that the relationship between crime and weather exists in the long-run. The sum of the contemporaneous and the one-period lagged ℎ capture the short-run dynamics. To calculate the true long-run relationship (elasticity) between crime and weather, we subtract the ratio of the coefficient of the scale effect (two-period lagged value of the weather variable) to the coefficient of the error-correction term, from 1; that is,
In line with the routine activity theory, it is expected a priori that temperature has positive effect on crime while rainfall, population size and unemployment rate have negative effect on crime. As for the population size, the more number of people at certain area can act as capable guardians, having a controlling effect on the amount of criminal activity. Furthermore, as pointed by Ousey (2000) that in cities and metropolitan areas with higher levels of informal social control would have lower crime rates. On the other hand, unemployment rate can has a positive effect on crime rate. The unemployed are more highly motivated to commit crimes because they are out of work and have financial needs. When unemployment rates are low, more people will spend more time away from home engaging in work or in leisure activities and will be more likely to purchase new consumer goods, resulting in a larger number of more attractive opportunities for crime. On a contrary, a negative relationship between unemployment and crime that is based on routine activities theory hypothesizes that an immediate consequence of unemployment is to reduce crime because the unemployed generally find themselves in routine activities that are more home-based. When unemployment rate is high, the unemployed may be more likely to remain in or near their homes and neighborhoods, thus reduce rate of crime by reducing the overall number of opportunities for criminal acts to occur (Britt, 1997) .
In this study, the availability of data on crime rates span from 1973-2009. Data on crime recorded on violent and property crimes (total crime equals violent plus property crimes), population and unemployment rates were collected from various issues of the Malaysia's Statistical Yearbook published by the Department of Statistics Malaysia. All crime rates were measured as per 100,000 populations. Data for temperature and rainfall were collected from various issues of the Monthly Weather Bulletin published by the Malaysian Meteorological Department. In the analysis, all variables were transformed into natural logarithm.
THE EMPIRICAL RESULTS
Before testing for the long-run relationship (cointegration) between crime and weather using equation (2), we test for the order of integration for all the non-stationary variables. Table 1 shows the result of the unit root test on total crime, violent and property crime rates, unemployment, population, temperature and rainfall, in their levels and first-differences. Clearly, in all cases, the augmented DickeyFuller test Fuller, 1979, 1981) statistics indicate that all seven time-series variables are difference stationary, in other words, they are I(1) in levels. Having noted that all variables are of the same order of integration, we can proceed with the estimation of equation (2) that is the test for cointegration.
The cointegration tests result is presented in Table 2 . The results in Table 2 suggest that there is a strong long-run relationship between temperature and total crime, property and violent crime rates; while longrun relationships are detected between rainfall and total crime and property crime rates. The statistical significance of the error-correction terms implies that, if there are deviations from long-run equilibrium, short-run adjustment will be made to the dependent variable to re-establish this long-run equilibrium. The result suggests that convergence to equilibrium is quite slow, with a discrepancy of about 30 percent corrected in each period between crime and temperature, and 20 percent between crime and rainfall. The magnitude of the short-run (elasticities) effect is measured by the short-run coefficient. From Table  1 , it is evident that the temporary shock from temperature and rainfall impacted positively on all three crime rates; nevertheless, these coefficients are not significant. On the other hand, the long-run elasticities indicate that long-run crime rates response to permanent shocks to the weather conditions is large (model with temperature); a 1 percent increase in temperature increases total crime and property crime rates by 16 percent. However, the long-run elasticities for violent and temperature as well as rainfall and all three crime rates are not significant.
CONCLUSION
In this study, we investigate the short-run and long-run dynamics of the relationship between the criminal activity in Malaysia and the weather conditions for the period 1973-2009. The long-run relationship between total crime, property and violent crime rates with temperature and rainfall were tested using the generalized one-step error-correction model. Generally, we conclude that the permanent (long-run effect) shocks of the weather condition -temperature induce large positive impact on criminal activity in Malaysia, particularly on the property crime. Our results imply that the law enforcement would have a better understanding of how the weather affects crime and a chance for the authorities to better prepare their departments during weather conditions that influence certain criminal activities in Malaysia. 
